1. Introduction
===============

*Staphylococcus aureus* prosthetic valve endocarditis (*SA*PVE) is intimately linked to health care, and so an increase in its incidence in the next years is expected.^\[[@R1],[@R2]\]^ In addition, its importance relies on the poor prognosis to which it is associated, reaching a mortality rate of 50% in the most recent series.^\[[@R1],[@R3],[@R4]\]^ There are few broad and specific series of SAPVE^\[[@R3]--[@R5]\]^; most of the evidence comes from series addressed jointly to native and prosthetic valve endocarditis, or to PVE irrespectively of its etiology. Traditional classification of PVE in 2 periods (early and late) is based essentially on the different microbiological profile of each period.^\[[@R1],[@R4],[@R6]--[@R10]\]^ Other investigations attempted to redefine these periods according to clinical aspects, suggesting that a more precise knowledge of signs and symptoms in each period would help to shorten diagnosis time and improve prognosis. They defined intermediate PVE as an infection acquired in the postoperative period, whose diagnosis is delayed because of less striking manifestations than the earlier forms, requiring surgery more often and implicating greater mortality. Whether this classification fits *SA*PVE or not is unknown. There are also many questions about its most appropriate management after admission concerning medical,^\[[@R3],[@R11]--[@R23]\]^ surgical treatment,^\[[@R3],[@R4],[@R5],[@R24]--[@R28]\]^ anticoagulation in hemorrhagic stroke,^\[[@R29],[@R30]\]^ and prognostic factors,^\[[@R31]\]^ among others. The need for contemporary and comprehensive descriptions of these diseases is therefore necessary.

Our aim was to describe epidemiological, clinical, echocardiographic, and therapeutic features of *SA*PVE and differences according to the time elapsed since valve replacement.

2. Patients and methods
=======================

2.1. Design
-----------

This is an observational, retrospective, cohort study performed in 3 Spanish reference hospitals for cardiac surgery. All episodes of definitive left *SA*PVE according to Duke\'s classification^\[[@R32]\]^ treated between 1996 and 2016 were included. Variables defined before the beginning of the data collection were prospectively recorded. Seventy-eight episodes of left *SA*PVE in 78 patients were identified (Fig. [1](#F1){ref-type="fig"}).

![Selection of cases. Seventy-eight definitive episodes of left *Staphylococcus aureus* prosthetic valve endocarditis were recorded.](medi-98-e16903-g001){#F1}

2.2. Definitions
----------------

Diagnostic period: This is the time from prosthesis implantation to *SA* PVE diagnosis. *SA*PVE was classified in early *Staphylococcus aureus* prosthetic valve endocarditis (E*SA*PVE), diagnosed in the first 8 weeks; I*SA*PVE, between 9 weeks and 1 year; L*SA*PVE, after 1 year. Nosocomial and health care associated-infection are defined in previous descriptions.^\[[@R33]\]^ Delayed diagnosis: *SA*PVE confirmed \>15 days after the first clinical manifestation. Form of presentation: syndrome composed of the first signs and/or symptoms presented by the patient in the first medical consultation. Forms of presentation have been described in previous reports.^\[[@R34]\]^ Valvular vegetation: as described previously.^\[[@R35]\]^ The maximum diameter of the largest vegetation was considered the size. Perianular extension: includes abscess, pseudoaneurysm, and fistula.^\[[@R35]\]^ Persistent bacteremia: presence of positive blood cultures 48 to 72 hours after starting a correct antibiotic treatment and/or presence of a positive blood culture after having at least 1 negative. Urgent surgery: intervention performed within 72 hours after its indication, for one of the following reasons: heart failure (HF); uncontrolled infection (fever and/or persistently positive blood cultures after 1 week of correct antibiotic treatment once any metastatic foci has been controlled; emergence of new septic shock (SS) or persistence after initiation of antibiotic treatment; presence of locally uncontrolled infection \[abscess, pseudoaneurysm, fistula, or growth of vegetation\]); prevention of embolism.^\[[@R35]\]^ Elective surgery: scheduled surgical intervention in the presence of active endocarditis, without indication of urgent surgery.

2.3. Procedures
---------------

Microbiologic procedures were extraction of at least 3 blood cultures at the time of clinical suspicion of infectious endocarditis (IE).

Other samples such as valvular tissue, septic metastases, and prosthetic material were sent for culture and histologic examination.

For follow-up, patients were evaluated in the outpatient clinic at 1, 3, and 6 months after discharge, and subsequently once a year. Most patients were followed for at least 1 year (97.43%).

2.4. Statistical analysis and ethical review
--------------------------------------------

In the descriptive analysis, proportions for each variable were calculated. A *χ*^2^ analysis was performed to compare the categorical variables using the Bonferroni correction for multiple comparisons. Student *t* test or the median test was used to compare continuous quantitative variables. Odds ratio (OR) was calculated with 95% confidence intervals (95% CI) for the evolution variables. We considered a *P* value \<.05 to indicate a significant difference. Statistical analysis was performed with the windows SPSS 20.0 program.

The investigation did not require approval from the hospital ethics board. Patient consent was given to use data for research. Informed consent was approved from the Hospital Clinico de Valladolid ethical board.

3. Results
==========

3.1. Epidemiological, clinical, and microbiological features
------------------------------------------------------------

Distribution of cases per month during the first 2 years is shown in Figure [2](#F2){ref-type="fig"}.

![Distribution of episodes of *Staphylococcus aureus* prosthetic valve endocarditis (SAPVE) per month during the first 2 years following valve replacement. SAPVE was more frequent within the first 6 months after surgery.](medi-98-e16903-g002){#F2}

Table [1](#T1){ref-type="table"} summarizes epidemiological characteristics. The most frequent location was the mitral valve. Endocarditis settled mainly on metallic prostheses (74.4%).

###### 

Epidemiological characteristics in the whole sample and per diagnostic periods of 78 episodes of SAPVE.

![](medi-98-e16903-g003)

The proportion of nosocomial cases was significantly higher in ESAPVE and the presence of an underlying disease was less frequent in this period (nonsignificant). The risk factor was not identified in a significantly higher percentage of episodes of ISAPVE than of ESAPVE.

Clinical and microbiological features are shown in Table [2](#T2){ref-type="table"}. Seventeen (21.8%) presented systemic embolism at diagnosis; 5 of them were outside the central nervous system (CNS, 6.4%). Complications at the CNS appeared at diagnosis in 15 episodes (19.2%): 8 cerebral hemorrhages (57.1%), one of them with an abscess; 6 ischemic strokes (40.2%); and 1 meningitis (6.6%). The presence of vegetation did not increase the risk of stroke (OR 0.943, 95% CI 0.281--3.158, *P* \> .99). The percentage of anticoagulated patients among those with a hemorrhagic stroke was not significantly higher than in non anticoagulated patients (OR 1.122, 95% CI 0.119--10.590, *P* \> .99). Anticoagulant therapy was switched to low--molecular-weight heparin following diagnosis in all patients, and it was interrupted in the presence of hemorraghic stroke. Diagnosis delay was related to presentation without fever (OR 3.96, 95% CI, 1.197--13.143, *P* = .01) and with previous antibiotic treatment (OR 4.479, 95% CI 1.399--14.339, *P* = .008), but it was nonsignificantly related to presentation as fever plus constitutional syndrome (50% vs 20.5%, OR 3.867, 95% CI 0.503--29.75) and with SS at diagnosis (7.1% vs 25.4%, OR 0.226, 95% CI 0.027--1.867, *P* = .21).

###### 

Clinical, microbiological, and echocardiographic manifestations in 78 episodes of SAPVE in the whole sample and per diagnostic periods.

![](medi-98-e16903-g004)

Presentation as fever plus constitutional syndrome was significantly more frequent in ISAPVE. The presence of fever before diagnosis was less common in ESAPVE and HF was more usual. The occurrence of new renal failure was more frequent in ISAPVE. Diagnosis delay was inferior in ESAPVE; a delay \>2 months was superior in ISAPVE.

Seven patients had negative blood cultures at diagnosis, *Staphylococcus aureus* (SA) grew from the valvular culture (3), the valvular culture and the sternal exudate (1), blood cultures 48 hours after diagnosis (1), urine culture and pleural effusion (1), and urine culture (1). Negative blood cultures were not related to previous antibiotic treatment (2/26 \[7.71%\] vs 4/49 \[8.2%\], *P* = 1). The affected valve was cultured in 39.74% of cases, that is, 31 patients (29 operated and 2 deceased); the result was positive in 15 (49%).

Positive valvular culture was associated to: intervention within the first 24 hours (OR 5.6, 95% CI 0.54--57.94, *P* = .16), antibiotic treatment in the preceding 15 days (OR 0.167, 95% CI 0.028--0.997, *P* = .03). The mean time in days from diagnosis to surgery was lower in the episodes with positive valvular culture (4.36 ± 11.39 vs 11.27 ± 8.53; mean difference −6.9 \[−14.54 to 0.72\]; *P* = .07).

Positive blood cultures at diagnosis were significantly more frequent in LSAPVE than in ESAPVE. The presence of methicilin-resistant SA (MRSA) was more frequent in ESAPVE than in LSAPVE.

3.2. Echocardiographic and radiological features
------------------------------------------------

Sixty-six episodes (84.6%) had echocardiographic findings at diagnosis. Fifty-four (69%) had vegetation. Twenty-four patients without vegetations showed: new moderate-severe insufficiency (2), valvular dehiscence (5), perianular extension (5). Median of vegetation size was 13 mm without significant differences by periods (Table [2](#T2){ref-type="table"}).

Twelve patients did not have echocardiographic manifestations of infective endocarditis at diagnosis. Ten of them showed a vegetation or perivalvular extension in the evolution, all of them fit criteria of possible endocarditis with a major criterion and 2 minor criteria (fever and intracardiac device) at diagnosis. The remaining 2 patients without echocardiograhic findings fit criteria of definitive endocarditis: one of them had 1 major criterion and 3 minor criteria (fever, intracardiac device, and embolic phenomena) and the other one had 1 major criterion, 2 minor criteria (fever and intracardiac device), and he presented septic and cardiogenic shock and necropsia was diagnostic.

In 30 episodes, a cerebral computed tomography scan was performed (43.5%); it was pathological in 17 episodes. In 6 patients, brain magnetic resonance image was performed (8.7%), showing abnormalities in 4 of them. Arteriography was performed in 3 patients without findings.

3.3. Medical treatment
----------------------

Thirty-three patients (42.3%) were treated following guideline recommendations with cloxacilin or vancomycin plus aminoglycoside and rifampin. Rifampin was used in 55 episodes (70.5%) and gentamicin in 61 (78.2%). Thirty episodes of MSSA (57.7%) were treated with alternative combinations: beta-lactams with daptomycin (9) (2 also with rifampin, 4 with rifampin and gentamicin, 1 with gentamicin alone); vancomycin with rifampin and gentamicin (6); betalactam with vancomycin (5) (3 with gentamicin, 1 with gentamicin and rifampin).

In 8 episodes of MRSA (42.1%), an alternative combination was used: daptomycin and rifampin (2, one also with amikacin), teicoplanin and rifampin (3), other combinations (3). Data on medical treatment are summarized in Table [3](#T3){ref-type="table"}. Dose of daptomycin was 10 mg/kg/day in 13 episodes, 6 mg/kg/day in 1 episode and 8 mg/kg/day in 1 episode.

###### 

Medical treatment. Combination and length of antibiotic therapy used in 78episodes SAPVE in the whole sample and per diagnostic periods.
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3.4. Clinical and echocardiographic evolution before surgery
------------------------------------------------------------

Comparison on clinical and echocardiographic evolution before surgery, surgical treatment, and mortality among diagnostic periods is summarized in Table [4](#T4){ref-type="table"}. Twenty-one in 44 episodes had persistent bacteremia (47.7%). It was more frequent among nonoperated patients (63.6% vs 31.8%, *P* = .03). Persistent bacteremia appeared in 10 in 16 patients treated with regimens based in vancomycin and in 10 in 26 patients treated with combinations containing beta-lactams or daptomycin (62.5% vs 38.46%, *P* = .314).

###### 

Evolution. Clinical and echocardiographic complications in the evolution, surgical treatment, and mortality.

![](medi-98-e16903-g006)

Clinical complications during evolution included: renal failure (28, 35.9%), new febril episode (23, 29.5%), SS (19, 24.4%), new atrioventricular block (8, 10.3%) and a new embolic event (13, 16.6%). Location of embolism was exclusively CNS in 8 cases (10.25%), 5 of them (22.7%) had recurrent episodes; 5 presented embolisms in several territories. Only 1 mycotic aneurysm was found, not associated with symptomatology; 18 of 22 of embolic events (81.8%) occurred in the first 2 weeks of treatment.

There were no significant differences in the frequency of persistent bacteremia among periods. Complications in the evolution were numerically less frequent in LSAPVE; conduction disturbance was uncommon in this period.

A new vegetation appeared in 11 of the 24 episodes that did not present it at diagnosis (14.1%); 10 (12.8%) developed a new moderate-severe valvular insufficiency. Perianular extension progressed in 14 (17.9%).

Vegetation growth was less frequent in ISAPVE. The appearance of new vegetation, new perianular extension, or new moderate-severe valvular insufficiency was more frequent in ESAPVE than in the ISAPVE, and less frequent in ISAPVE than in LSAPVE.

3.5. Surgical treatment and mortality
-------------------------------------

Distribution of patients according to surgical treatment and mortality is represented in Figure [3](#F3){ref-type="fig"}. Thirty-five patients were operated on (44.9%). Eleven patients without urgent surgery indication were managed with medical treatment exclusively. In comparison to the remaining patients (patients that were operated on and patients managed with medical treatment but with indication of urgent surgery) this 11 patients had a similar median age, percentage of Charlson Index score \>5 was 71.4% versus 44.8% (*P* = .06), constitutional syndrome at presentation appeared in 27.3% versus 1.5% (*P* \< .001), 45.5% versus 18.2% had diagnosis delay (*P* = .05), at diagnosis none had systemic embolism or metastatic infection. Other characteristics included: SS (1), perianular extension (1), severe valvular insufficiency (2), persistent bacteremia (3, all of them died). Risk of SS^\[[@R36]\]^ was lower (median 12.1 vs 21.16, *P* = .09); 57.1% presented only 1 predictor of SS (*SA* etiology) at diagnosis versus 29.1% in the remaining. Mortality rates were 27.3% versus 59.7% (*P* = .05) and it was related to endocarditis in 66.7% versus 92.5% (*P* = .13).

![Distribution of the 78 episodes of *Staphylococcus aureus* prosthetic valve endocarditis according to the type of treatment performed (only medical or medical-surgical), presence of any indication of urgent surgery, the time from indication to surgery, and death. Mortality was similar in all groups (around 30%) with the exception of patients with urgent surgery indication who were operated on \>72 hours after the indication, whose mortality was slightly superior (41%) and the subgroup of patients with urgent surgery indication who did not undergo surgery, whose mortality was the highest of the series (91%).](medi-98-e16903-g007){#F3}

Indications for cardiac surgery were mainly uncontrolled infection, with perianular extension in 16 cases (45.7%). The majority of patients were operated on with \>1 indication. Of the 22 patients with CNS abnormalities in the evolution, 12 were operated on (54.54%) (Fig. [4](#F4){ref-type="fig"}), mostly within the first 14 days after the event (Fig. [5](#F5){ref-type="fig"}).

![Description of the 22 patients with *Staphylococcus aureus* prosthetic valve endocarditis with ischemic or hemorrhagic stroke according to whether or not cardiac surgery was performed, and its evolution. Twelve patients with stroke were operated on (4 with hemorrhagic stroke and 8 with ischemic stroke). Mortality was inferior in patients with ischemic stroke managed with surgical treatment and patients with hemorrhagic stroke had a deleterious prognosis with or without surgery.](medi-98-e16903-g008){#F4}

![Number of patients with ischemic or hemorrhagic stroke operated and time elapsed from the embolic event to surgery (days). Ten of 12 operated patients underwent surgery within the first 14 days after stroke (80%), 67.5% in the first week, including 50% of hemorrhagic episodes.](medi-98-e16903-g009){#F5}

On ESAPVE episodes, surgery was performed more frequently; urgent surgery was discarded less often and performed within the first 24 hours more frequently than in the other periods. No patient with indication of urgent surgery was operated on within the first 72 hours from the indication in ISAPVE group.

The indication varied according to the diagnostic period, being HF the main indication in ESAPVE, and persistent infection in ISAPVE.

Forty-three patients died during admission (55.1%). Mortality at 1 year of follow-up was 61%. Two patients were lost to follow-up after discharge. The main cause of death was SS (21 cases, 41.2%) followed by HF (14, 27.5%). Analyzing the causes of death among the operated and nonoperated patients, we found that fewer patients in the surgical group died of SS (31.2% vs 45.7%, *P* = .37) or stroke (0 vs 8.6%, *P* = .54) and more patients died because of pump failure (12.5% vs 0, *P* = .09), hypovolemic shock (12.5% vs 2.9%, *P* = .22), and multiorgan failure (31.2% vs 20%, *P* = .48). Mortality in patients with stroke was 14 of 22 (63%) versus 29 of 56 (51,8%) in the remaining episodes (*P* = .34), but difference is higher considering only hemorrhagic stroke (77.8% vs 52.2%, OR 3.2 \[0.62--16.55\], *P* = .17). When surgery was performed within the first 14 days after stroke, mortality was 66.7% versus 0% of patients operated later (*P* = .06).

The percentage of patients who died in the ESAPVE was lower than in ISAPVE and LSAPVE periods (38.5%, 52.9%, and 60.4%, nonsignificant). Death owing to multiorgan failure was more frequent in the ESAPVE and ISAPVE than in the L*SA*PVE, whereas death from HF was more frequent in the late period.

Comparison of the main differences among periods is represented in Figure [6](#F6){ref-type="fig"}.

![Comparison of epidemiological, clinical, microbiological, echocardiographic features, surgical therapy and outcomes among periods (ESAPVE, ISAPVE, and LSAPVE). The percentage of patients in each period with the characteristic studied is represented. ESPAVE = early *Staphylococcus aureus* prosthetic valve endocarditis, LSPAVE = late *Staphylococcus aureus* prosthetic valve endocarditis, MRSA = methicillin-resistant *Staphylococcus aureus*, SAPVE = *Staphylococcus aureus* prosthetic valve endocarditis.](medi-98-e16903-g010){#F6}

4. Discussion
=============

4.1. SAPVE general features
---------------------------

There was a higher percentage of PVE than in other series^\[[@R6]--[@R8],[@R37]--[@R42]\]^; however, the frequency of SAPVE was lower (16% vs 23%).^\[[@R1]\]^ Some epidemiological features are common with previous publications: the highest number of SAPVE in the first 6 months after surgery ^\[[@R1],[@R43]\]^; the mean age of patients and the preference for the male sex^\[[@R3],[@R4],[@R44]\]^; the high comorbidity and increasing association with health care^\[[@R1],[@R8],[@R45],[@R46]\]^; the frequent association with catheter-related bacteremia and the more common involvement of metallic prostheses.^\[[@R4],[@R43],[@R47]\]^ We found differences in some characteristics: the low percentage of intravenous drug users,^\[[@R5]\]^ or patients with HIV infection^\[[@R24]\]^ and the more frequent involvement of mitral prostheses instead of the aortic location, more prevalent in all series^\[[@R3],[@R44]\]^ except for Fernández-Guerrero et al.^\[[@R24]\]^ The involvement of several valves is superior to other series of PVE^\[[@R1]\]^ or SAPVE.^\[[@R4],[@R44]\]^

The most frequent presentation was fever alone, followed by cardiac manifestations. It is remarkable that up to 20% of the patients did not present fever at the onset of endocarditis, contrary to what is established in the literature,^\[[@R34]\]^ and this was related to diagnosis delay. Thus, it is important to consider SAPVE in the presence of other signs or symptoms of endocarditis (eg, AV block) even in the absence of fever, especially in those with previous antibiotic treatment. At diagnosis, the presence of a new murmur was rare (17% vs 55% in Fernández Guerrero et al);^\[[@R24]\]^ perhaps the improvement of echocardiography and other imaging techniques may have contributed to an earlier diagnosis with less local destruction. Complications were common: moderate-severe HF, stroke, and SS in agreement with other studies.^\[[@R3],[@R44]\]^

Complications at the CNS were similar to that described in other studies, that is, 32% versus 27% to 35% during the entire course^\[[@R3],[@R4],[@R34],[@R44],[@R48]\]^ and 18% versus 15.5% at diagnosis^\[[@R3]\]^; a lower frequency of cerebral abscesses was observed with respect to older series.^\[[@R3]\]^ The low frequency of mycotic aneurysms is striking, although only 40% of the patients were brain-imaged and arteriography was not performed in all hemorrhagic events. In our cohort, the same as in a description of episodes of endocarditis collected in Denmark for a decade, the presence of vegetations was not associated with a higher frequency of intracranial complications.^\[[@R48]\]^ A role of the anticoagulant therapy in the high frequency of bleeding events has been suggested^\[[@R24]\]^; however, we did not confirm this point.

The majority of embolic events outside the CNS appeared at diagnosis; the frequency was similar to that previously described (6% vs 3%). Metastatic infection at diagnosis was even more exceptional than in other series (4% vs 9%).^\[[@R3]\]^

The percentage of positive blood cultures at diagnosis was inferior to previous reports^\[[@R49]\]^; this might be due to an earlier diagnosis than before 90 s, when the TEE was not available, when infection is initially located in the annulus.

Our MR*SA* frequency is closer to that of ICE (32.2%)^\[[@R44]\]^; in other published series is much lower^\[[@R3],[@R4],[@R24]\]^ and this probably depends on the age of the series or the prevalence of MR*SA* in the area. Although there are missing data, MS*SA* was fully susceptible to rifampin and vancomycin, and almost to gentamicin, whereas MR*SA* showed a more resistant profile, which is important to establish an empirical treatment. There is very little data regarding antibiotic susceptibility in literature.^\[[@R3]--[@R5],[@R24],[@R44]\]^

Nearly 100% of the patients presented echocardiographic findings during the entire course and, as previous reports, around 80% had them at diagnosis^\[[@R24]\]^; the most remarkable finding was that vegetations were not always present at diagnosis and paravalvular complications were frequent. Published data regarding echocardiography in *SA* PVE are scarce; in a cohort of 61 episodes, 47.5% presented a vegetation and 29%, intracardiac abscesses.^\[[@R5]\]^ These findings are explained by the pathophysiology of prosthetic endocarditis, which often begins at the interface between the ring and the prosthesis, and highlight the tendency of *SA* PVE to produce extensive perianular destruction.^\[[@R3],[@R24],[@R50]\]^ We found vegetations \> 10 mm in 75% of episodes, although previous reports describe small vegetations in *Staphylococcus aureus* IE.^\[[@R24],[@R50]\]^ We highlight the elevated frequency of progression of echocardiographic involvement, which justifies the recommendation to repeat the echocardiogram early during antibiotic treatment, especially if early surgery is not performed. The lack of published data on this field does not allow comparison.

In our series the use of beta-lactams or vancomycin was less frequent than in previous reports; conversely, the use of alternative regimens containing daptomycin (with betalactams and/or gentamicin and / or rifampin) was frequent, even in MS*SA* episodes. This combinations shows synergistic activity in vitro.^\[[@R51]--[@R53]\]^ A high percentage of patients with MSSA IE were treated with vancomycin; maybe they died before knowing the susceptibility study or maybe they were allergic to beta-lactams. In Sohail et al they found 3.64% and 1.8% of cases in this situations.^\[[@R4]\]^ The use of aminoglycosides was similar to previous reports, but the use of rifampin seems to be superior (70% vs 21%--33%).^\[[@R3],[@R4]\]^ Some of the current recommendations include aminoglycosides in the treatment of SAPVE,^\[[@R35]\]^ although there is some evidence indicating the absence of benefit of its addition even in the presence of prosthetic material.^\[[@R54]\]^ The use of aminoglycosides was less frequent in patients treated with daptomycin, probably because the presence of renal failure was more frequent in this group, or because new synergistic combinations were used.

Up to 22% of MR*SA* strains exhibited vancomycin MIC ≥1.5 μg / ml which has been related with treatment failure, persistent Bacteremia^\[[@R16]--[@R23]\]^ and increased in-hospital mortality.^\[[@R12],[@R20]\]^ A change in susceptibility cut off points and methodology of vancomycin MIC determination in the years of the study did not allow conclusions.

The median duration of antibiotic in survivors was similar to other studies.^\[[@R3]\]^ The median time from diagnosis to surgery was similar than that of *ICE* series, 8 days^\[[@R5]\]^ and lower than that of John et al, 19 days.^\[[@R3]\]^

Persistent bacteremia appeared especially in non-operated patients, which is related to the absence of focus control. It was numerically higher in patients treated with vancomycin, that has a slow bactericidal activity. Fernández-Guerrero et al. also described a high frequency of persistent bacteremia.^\[[@R24]\]^

Complications in evolution were frequent, especially renal failure, recurrent fever and SS. There was a high rate of embolisms, mainly to the CNS. The frequency of recurrent CNS embolisms was similar in John et al\'s and just as in our data, most took place within the first 2 weeks of treatment.^\[[@R3]\]^ These results reinforce an early surgery to reduce embolic risk and mortality.^\[[@R3],[@R26]--[@R28],[@R55]\]^ Nevertheless, recent studies have found that it is possible to treat a selected group of patients without cardiac complications with only a medical approach. These researches are not without limitations: all are retrospective and come from cardiac surgery referral centers^\[[@R4],[@R5],[@R44]\]^; included episodes before the introduction of TEE; the prevalence of MR*SA* was lower than currently; indications for surgery, type of intervention (urgent or elective), and causes of death were not collected.^\[[@R4],[@R5]\]^ In our cohort, 11 patients without clinical or echocardiographic complications and low punctuation in SS risk score were managed conservatively. Three of them died (all with persistent bacteremia). Although we did not record whether management was deliberately conservative or their high risk precluded surgery, we think that perhaps patients with these features could be initially managed with medical treatment and closely monitored, and if persistent bacteremia or other clinical or echocardiographic complications develops, surgery should be performed.

The most frequent indications for surgery in SAPVE were HF, prosthetic dehiscence, and intramyocardial abscesses.^\[[@R24]\]^ The majority of our patients were operated on with \>1 indication; the most frequent was uncontrolled infection. It has been reported that patients with neurological events are less frequently operated^\[[@R3]\]^; however, when SA was the etiological agent, surgery was precluded or deferred less often.^\[[@R56]\]^ It is still unknown when is the ideal moment for the intervention; clinical practice guidelines recommend delaying it 2 to 4 weeks according to the type of stroke (ischemic or hemorrhagic).^\[[@R35],[@R57]\]^ However, both the ICE investigators and Gaca et al did not find significant differences in mortality when patients with ischemic stroke were operated on within 7 days of embolic event.^\[[@R56],[@R58]\]^ Our data show that in SAPVE, the condition of patients did not allow to wait that period of time, and most patients got surgery in \<7 days after stroke, with higher mortality in patients operated within the first 14 days. Moreover, although mortality of patients with hemorrhagic stroke who underwent surgery was high, mortality was still higher in patients with both ischemic and hemorrhagic stroke who did not undergo surgery.

Mortality was high and similar to the most recent series^\[[@R44]\]^; in-hospital mortality in previous publications ranges from 37% to 48%.^\[[@R3]--[@R4],[@R24]\]^ In our study, we did not find significant differences in the causes of exitus between patients who were operated on and those who were not, probably because of the small sample size; however, less patients in the intervention group died of SS or stroke, which suggests that an early surgery might avoid the development of these complications. The higher mortality in patients with hemorrhagic stroke reinforces the indication of surgery to prevent this complication in SAPVE.

4.2. Description of the characteristics of SAPVE episodes according to the time elapsed since valve replacement surgery
-----------------------------------------------------------------------------------------------------------------------

ESAPVE were more often nosocomial, affected patients with less comorbidity, and the risk factor was identified in all cases. ISAPVE affected more male and younger patients and the risk factor was not identified in a high percentage of episodes; the later suggests that they were acquired in the perioperative period and manifested later. LSAPVE affected more often older patients, with more comorbidity than in ESAPVE; the percentage of non-nosocomial health care-associated infections was the highest of the 3 periods, with catheter-associated bacteremia being the main risk factor. Previous antibiotic treatment was more frequent in ISAPVE and this could indicate that symptoms secondary to endocarditis were interpreted and treated as other infections.

In ESAPVE the most frequent presentations were severe HF and fever alone. ISAPVE was distinguished by a more frequent debut with constitutional syndrome, a lower proportion of severe HF, a higher percentage of renal failure, and a higher diagnosis delay than ESAPVE. Differences in the inoculum volume, in the defensive capacity of host or in the expression of virulence factors of the causal strain, could be responsible that an infection acquired during surgery manifested later. The higher percentage of renal failure could be compatible with a longer infection and the formation of immunocomplexes. Diagnosis of LSAPVE was delayed in comparison to ESAPVE, maybe because of a lower degree of suspicion.

In almost all of the LSAPVE episodes, blood cultures at diagnosis were positive; the percentage was lower in the other periods, perhaps in relation to previous antibiotic treatment and the initial location of infection (in the annulus rather than in the surface of the valve). The frequency of MRSA was higher in ESAPVE, as its acquisition was mainly nosocomial.

No statistically significant differences were found in the echocardiographic findings at diagnosis among the 3 periods.

Duration of medical treatment before surgery was shorter in ESAPVE than in LSAPVE (nonsignificant) according to a higher percentage of urgent surgery in this period.

Sepsis manifestations appear to be relatively delayed with respect to HF in ESAPVE, finding a higher frequency of new episodes of SS in evolution before surgery. ISAPVE episodes develop more frequent renal failure and HF than LSAPVE ones. Conduction disturbances were less frequent in LSAPVE, maybe because infection initially affects the valve surface and not the anular interface.

In EPVP episodes, surgery was discarded less often and was performed in the first 72 hours more frequently, being HF the main indication. ISAPVE episodes were operated less precociously. The most frequent indication of surgery in ISAPVE and LSAPVE was uncontrolled infection. ISAPVE appear to have a more unfavorable evolution after surgery, frequently with SS and renal failure. Perhaps, the greater diagnosis delay, the deferred surgery, and intervention performed frequently because of uncontrolled infection may explain the poorer outcomes of this patients.

Death was less frequent in ESAPVE; this difference, although not statistically significant, is numerically important. In series of PVE in which the cutoff point between ESAPVE and LSAPVE is 1 year, it has been described a higher mortality rate of ESAPVE episodes.^\[[@R48],[@R59]\]^ Nevertheless, these differences are not statistically significant in studies specifically addressed to SAPVE.^\[[@R3],[@R4]\]^ In other series, it has been described a better evolution of patients who were operated under the indication of HF in comparison with those operated for other reasons^\[[@R24]\]^; this could be the main factor determining prognosis of ESAPVE, although it is probable that an earlier diagnosis, the greater frequency of surgery, and the lower comorbidity of patients in this period were conditioning a more favorable evolution.

5. Study limitations
====================

Given that SAPVE is a rare disease, the small sample size makes it difficult to find statistically significant differences in some subgroups of patients and among male and female patients. The participating centers are all reference hospitals for cardiac surgery, which could lead to a reference bias, with the possibility of precluding the most complicated patients from surgery. The dilated in time collection of data could entail a survival bias, given that the improvement of surgical techniques and medical resources could explain a better prognosis in more recent episodes. Indications of surgery and punctuation in surgery risk scores of patients who did not undergo surgery were not collected. Thus, it was not possible to make an accurate comparison with patients who were operated on.

6. Conclusions
==============

SAPVE was uncommon. It affected patients with comorbidity and health care contact. Absence of fever at diagnosis was not uncommon; thus, another signs or symptoms in patients with prosthetic valves should rise the suspicion. Diagnosis delay was related to presentation without fever and with previous antibiotic treatment. Heart failure, systemic embolisms, renal failure, and SS were frequent at diagnosis, as it was periannular extension. Presence of MRSA was high. Positive valve culture was related to shorter duration of antibiotic treatment. Absence of vegetation was not rare, but, if present, it was \>10 mm in the majority of episodes. Complicated evolution was habitual, with a high rate of persistent bacteremia related to nonsurgical treatment, and a high rate of progression of echocardiographic affectation. Some patients with uncomplicated SAPVE were safety treated with medical therapy alone. Surgery was feasible in patients with stroke. Mortality was high, especially in patients with indication of urgent surgery or hemorrhagic stroke who were not operated. There were differences in some clinical characteristics and in evolution according to the time elapsed from valve replacement surgery. Prognosis was better in ESAPVE.
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